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Abstract 

We argue that once all theoretical and phenomenological constraints are imposed on the dif- 
p [ ferent versions of the Large Volume Scenario (LVS) compactifications of type IIB string theory, 
^ ■ one particular version is favored. This is essentially a sequestered one in which the soft terms are 
generated by Weyl anomaly and RG running effects. We also show that arguments questioning 
sequestering in LVS models are not relevant in this case. 
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1 Introduction 



The Large Volume Scenario (LVS) is at this point the only viable framework for discussing the 
phenomenology of string theory compactifications. While Heterotic constructions have advanced 
further in terms of actually getting close to the standard model (in terms of the spectrum), getting 
a stabilized compactification with broken supersymmetry, with a cosmological constant that can at 
least be tuned to a scale far below the scale of SUSY breaking, has proved to be a daunting taslj^]. 
On the other hand in the case of type IIB theories, although the construction of the standard 
model (without chiral exotics) is still a work in progress, the problem of getting a SUSY breaking 
stabilized vacuum with a small cosmological constant (CC) has already been solved Q. The two 
problems are in fact decoupled. This is a consequence of the fact that the standard model physics 
is local, and has only a marginal effect on the global problem of stabilization, SUSY breaking, and 
tuning the CC. 

However the phenomenological consequences of a flux compactified theory can never be pre- 
dictive in any precise quantitative sense. As explained in Q, this is a result of the existence of 
a landscape of flux compactifications and the tuning of the CC in the general framework of such 
compactifications Nevertheless, assuming that the standard model exists within this context, 
it is possible to derive qualitative features of a SUSY breaking scenario. This is the approach that 
was taken in our earlier papers on this subject and will be taken here as well. 

The types of LVS models that exist in the literature can be classified by the volume (V in string 
units), the gravitino dependence of the classical contribution to the soft mass mo, and the size of 
the string scale. 

• Partially 'sequestered' ttiq ~ 7723/2/ In 7723/2 

• Sequestered mo ~ ""^3/2/ a/Ih ^3/2 V 

• TeV scale string theory 

• Moduli mixing case leading to mo ~ ?t73/2. 

Let us first consider the last two cases. 

An LVS scenario which gave a string scale of a TeV or so was recently presented in This 
involves a very large compactification volume V of order 10^° so as to give a string scale Mgtring ~ 
Mp/y/V ~ ITeV. The usual scenario where the standard model is on a D3 or D7 brane will not 
work here, since this will give soft terms at the milli-electron volt scale with the gravitino mass 
7773/2 < Mp /lO^'^ ~ 10~^eV. One possibility suggested in this reference is to have the standard 
model on an anti-D-brane. However it is far from clear that a viable stable classical configuration 
can be obtained in the presence of anti-D-branes since their back reaction will de-stabilize the 
systenll. In any case once an anti-D brane is introduced, there is no way to describe the physics in 
terms of four dimensional supergravity. So it is not at all clear how the standard LVS discussion, 
which makes essential use of the supergravity formalism in 4D applies. 

^In string theory there are no fine-tunable parameters. Thus the only known way of getting solutions with SUSY 
breaking and a small CC is by finding appropriate flux configurations. The general argument for this was given in 
[l[ . While this is possible in type II theories it seems highly unlikely in heterotic constructions because there is only 
one type of flux. Papers which claim to derive a heterotic (or M-theory) phenomenology ignore this point. 
For discussion of the effect of anti-D branes in the orig inal GKP-KKLT system see ^. 
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The last possibility, leading to soft masses at the gravitino scale |6|, arises if there is moduli 
mixing as suggested in Q. However the argument for this relies on pushing the field theory 
formalism beyond the string scale. This is not a valid extrapolation. At energy scales greater 
than the string scale, one cannot use a local operator formalism as in field theory to describe the 
physics. The a' expansion is clearly invalid at energies larger than the string scale. 

This leaves us with the first two alternatives. The first case (that of partial sequestering) is the 
one that was originally suggested in 2006 Q, but was thought to be non- viable as a consequence 
of the observation that it is not possible to stabilize the standard model brane using fluxes j9|. 
However this possibility has been revived in a recent paper jlo|. Nevertheless we will show that a 
combination of theoretical and phenomenological constraints rules out the case of partial sequester- 
ing. Essentially the problem has to do with the large volume ( V > 10^^) that is necessary in that 
case to avoid the problem of flavor changing neutral currents. Such a lar ge v olume clearly will not 
lead to a viable phenomenology. We are left with the second alternative This gives us hi ghly 
suppressed classical soft terms, but quantum effects will lead to an acceptable phenomenology (l2|. 
This is the scenario that has been called inoAMSB in fl3| . where its detailed consequences have 
been analyzed. The main contention of this note is that this is the only viable phenomenology that 
arises from LVS. However as was pointed out in jl2|, even inoAMSB has a possible light modulus 
problem, unless the gravitino mass is raised above SOOTe^. In this case (although it gives a Higgs 
mass m/j ~ 124:GeV and the Wino-like neutralino can account for the dark matter density), the 
soft masses are at the multi-TeV level. So the only signal of SUSY at the LHC, even with 100/6"^ 
of data at lATeV, would be the lightest chargino and neutralino, both of which are at around 
lATeV ET 



2 Theoretical constraints 

There are two issues that impact any attempt to construct a sound theoretical basis for a theory 
of SUSY breaking and mediation, given that it is necessarily a 4D SUGRA theory: 

• Validity of 4D SUGRA from a string theory or 10 D SUGRA starting point. 

• Validity of the super derivative expansion. 

A viable theory of SUSY breaking has to be embedded in SUGRA and the latter in turn must be 
derivable from string theory. This has just one scale, the tension of the string Mstring = 1/ V'^ira', 
and no free parameters. So in principle every consequence of the theory should be calculable in 
terms of this scale. Unfortunately the only regime in which this is strictly true is a ten-dimensional 
world, or one which is compactified to some lower dimension at the string scale - for instance on an 
asymmetric orbifold. While the former is obviously not a useful option, the latter has not yielded 
(so far) a phenomenologically viable model in four dimensions. As a result, attempts at deriving 
a four dimensional SUGRA have proceeded via the route of first going to the ten dimensional low 
energy limit of string theory, i.e. ten dimensional supergravity, and then compactifying the latter 
on an internal space which is necessarily large in size compared to the string scale. 

In this case we necessarily need to have the hierarchy of scales, Mkk -C Mstring Mp, where 
the Kaluza-Klein (KK) scale Mkk = M string /V^'^ ^ Mp/V^/^ and Mp/ Mstring ~ VV, where V 
is the internal volume in string units. This means that one cannot expect four dimensional field 
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theoretic arguments to be valid beyond the KK scale in general, though in the case of the physics 
on a D3 brane for instance, the local physics may be valid up to the string scale. In any case 
it certainly means that the local field theoretic formulation will necessarily breakdown at scales 
above the string scale. In particular, arguments about moduli mixing as well as attempts to argue 
for a field theoretic unification scale above the string scale, clearly violate the first of our criteria, 
and we will not consider such models her^. 

The second criterion above, follows from the first on extending the validity of the derivative 
expansion to supersymmetric theories. 

In Lorentz invariant theories with no supersymmetry the derivative expansion is simply an 
expansion in D/M^ where □ = d^d^. In a generally covariant theory the expansion needs to be 
covariantized, and we have instead an expansion in g^^V ^ / M'^ ^ R/M"^ (and various contractions 
of covariant derivatives V^/M and curvatures R^^y^^/M"^). 

In supersymmetric theories the corresponding derivative expansion is an expansion in super- 
covariant derivatives V^/M = VaV"/M. This means in particular that the component form of 
the expansion is in the total number 

n^na + 77,2^ + np (1) 

of derivatives, fermion bilinears, and F terms - at least if we just focus on the chiral field part of the 
action. An immediate consequence of the above is that, in a supersymmetric theory, the validity 
of the derivative expansion implies not only the smallness of derivatives and metric curvatures, 
but also that of fermion bilinears and F-terms compared to the lowest mass scale that has been 
integrated out. i.e. 

□ iji) \F\ 

Furthermore it implies that a theory that has been truncated at the two derivative level should 
consistently contain terms which are no more than quadratic in fermion bilinears and F-terms. 

Let us see what this implies for SUGRA theories derived from string theory compactified on a 
Calabi-Yau manifold. The classical Kaehler potential (valid at some scale A < Mstrmg up to string 
loop and a' corrections) is 

/s:= -21nV-ln(^ + ^) -lnfc([/,f7). (3) 

Here V is a function of the Kaehler moduli and is the volume of the internal manifold in string units, 
S is the dilaton, and U stands for the complex structure moduli. The U are expected to take 
0(1) values, while in any compactification that proceeds through ten dimensional supergravity, we 
need a hierarchy between the string scale and the Kaluza-Klein (KK) scale. This is certainly the 
case in all of string phenomenology. The upshot is that we need to look for potentials for these 
moduli where there exist minima with V ^ 1. In that case we have the hierarchy, 

Mstrrng ~ ^ » ^KK ~ = y^^- (4) 



The gravitino mass is given by the formula 



detailed discussion of these arguments and their relation to moduli mixing will be presented elsewhere. 
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Cancellation of the cosmological constant requires that the SUSY breaking scale is set as 



Using for M in ([2]) the KK scale, this gives the restriction, 



\W\ 

Mpm3/2 ~ TTT^. (6) 



<1, 



on the SUSY breaking scale. Thus consistency requires a superpotential at the minimum which is 
small in Planck units. This translates into an upper bound on the gravitino mass 

m3/2 « Mp/V'/'. (7) 

Note that the larger the volume the smaller the superpotential needs to be. If we use the string 
scale instead of the KK scale the bound on the superpotential becomes somewhat weaker, namely 
|H^|/Mp ^ 1. In any case it is clear that a consistent two derivative truncation cannot be obtained 
(for example in flux compactifications of string theory) without tuning the superpotential to be far 
below its 'natural' value. In the context of LVS compactifications this means that it is not possible 
to argue for a purely volume suppressed (relative to the Planck mass) SUSY breaking parameters. 



3 Phenomenological constraints 

3.1 FCNC Constraints 

The primary constraint that we impose is (see for example (l5| ) 

~ 500GeV' ^ ^ 

Here m is the soft mass parameter and Am^ is the mean square deviation of soft masses from 
universality. 

We calculate the soft term expressions in the two cases (partially sequestered and sequestered) 
discussed in the introduction, and find the lower bound on the volume V. We then impose also 
the above constraints on SUSY breaking to find whether the relevant phenomenology is viable. 

We will first review the LVS construction. For details and references relating to this construction 
see The Kaehler potential of the theory is given by (up to string loop corrections but keeping 
the leading a' correction) 



K = -2\n\V + ^] - j 1] A ^(f/, f/)^ -\n{S + S), (9) 



where ^ = ^{^SY^'^ and ^= -(xC(3)/2(27r)^), x being the Euler character of the manifold. The 
superpotential is a sum of flux terms, non-perturbative terms which are exponentials in the holo- 
morphic Kaehler moduli, and open string contributions that we assume will be of the form of the 
MSSM superpotential; i.e. 

W = Wfiu. + Wj,p + Wmssm- (10) 
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In general in a two derivative SUGRA coupled to chiral matter (MSSM), with F terms coming 
from the moduli sector, the soft mass terms are given by the formula 

<p = + ^l/2)K^P - F'PRqo.B^ (11) 

where Vq is the minimum of the potential. Note that in general there will be terms coming from 
the Riemann curvature term that are not proportional to K^^ and hence will lead to FCNC effects. 
These therefore will need to be suppressed in order to have a phenomenologically viable theory. 
There will be similar effects coming from the so-called A terms which give the couplings of the 
scalar partners. The relevant formula is 

If AajS'y oc yai3-y, OT IS highly suppressed at the UV scale, then the corresponding FCNC effects will 
be suppressed. 

In LVS the Calabi-Yau Orientifold (CYO) is of the "Swiss Cheese" form, with one large modulus 
Tb essentially determining the volume, and several small moduli which are in effect blow up modes. 
The simplest possibility is to have just one small modulus in which case (up to 0(1) scaling factors) 

V = {r')'/^ - (r^)3/2. (12) 

At the minimum of the LVS supersymmetry breaking potential we then have the following 
results, 0. 



3 Wo 
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(13) 
(14) 
(15) 



16ar^ V 

where Wq is the value of Wfiux at the minimum and a, A are parameters in Wnp = Ae~°''^" + . . . . 
Here is the holomorphic variable corresponding to r'^ . Similarly will correspond to . Note 
that since the gravitino mass is 



V 



the equation (fT3|) implies that 

ar^ = |lnm3/2| +0(1). (16) 
At this minimum the F-terms of the two holomorphic Kaehler moduli (whose real parts are essen- 



tially n, Ts) [nl, li2| 



-^'(2 + 17^^)^3/2, 



2 Aar'V 



3r^ 
2^ 



■m3/2(l + 0(V-^)). 



(17) 
(18) 
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Also at this minimum the dilaton F-term and the complex structure F-terms are zero - i.e. = 
F^ = 0. 

The calculation of the matter metric, the relevant sectional curvature, and the corresponding 
FCNC constraints for the case of D3 branes (or D7 on a collapsed cycle), was discussed in fl2| . 
The corresponding calculation for the case of stabilized D7 branes is very similar. Since this 
calculation is central to the FCNC argument, we will present it in some detail noting along the 
way the differences with the previous calculation. 

3.1.1 Matter on magnetized D7's on a 4-cycle 

For the case of D7 branes wrapping a 4-cycle the relevant formulae jl6| are (simplifying the notation 
for our purposes); 

r + r = 2t' + fci^(r)C"C^ + (K^C'C^ + h.c.) + .... (19) 

Here the matrix k^^ depends on the volume of the cycle that is wrapped by the branes, as well as 
on open string moduli. The volume dependent part of the Kaehler potential can then be expanded 
in powers of C thus determining the corresponding matter metric: 

ln(V + i/2) = -2 ln(V|o + i/2) + K^pC'C^ + {HafsCC^ + h.c.) + .... 

The associated matter actually comes from the compactified gauge field configurations on the 
brane. In addition there is a matter metric coming from the holomorphic dilaton. 

S + S = 2a + IJ^^C^ + . . . . (20) 

The relevant matter metrics are given by 

Using the fact (which follows from f lT^ ) that dr^ / dC\s^T,u = 0{C), we have 

- E o^ls,/^ - ^ + o(cf-y ,21) 

Similarly we get 

'^--S^l.^f -Ui + 0(C^). (22) 

This last metric clearly gives a universal contribution to matter. Furthermore from (fTT]) (with a, /3 
replaced by a, 6) we see that, since in the LVS vacuum before uplift = 0, the corresponding 
soft mass is essentially the gravitino mass @. However the implicit assumption in Q is that all the 
chiral matter come from the sector that comes from the Kaehler moduli - i.e. the fields we have 
labelled in ffTOl). So we will first assume that these are the MSSM fields. 



^Given that the uphft must give a CC that is essentially zero we must necessarily have < m^z-^/VV in any 
case. For an explicit realization of such an uplift without violating the SUGRA framework see 17|. 
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As before we simplify to the case where there are just two Kaehler moduh, with being the 
large modulus which essentially determines the size of the Calabi-Yau orientifold, and r** being the 
small modulus that determines the size of the small cycle that is wrapped by the D7 brane. This 
is the case that is discussed in the literature (see Q). Although more complicated scenarios are 
possible, the lower bound on the volume will remain up to perhaps 0(1) corrections. The actual 
situation in which the modulus corresponding to the standard model cycle is stabilized, involves 
more than one modulus (loj. However as shown in that reference one can effectively work with the 
one modulus. The other moduli have to be stabilized by string loop effects. 

In this case the volume is given by (fT2|) and the matter metric (12T]) becomes, 

K.-, = ^,irrkl, + J^V^K-,irn + --^ (23) 

where we've ignored terms which are higher order in the l/r'' expansion. For the r* dependence 
of = (T^)^k^ 3 we've used the argument of 18 . 
Calculating the Riemann tensor we get 

Rbbap = ^K,f,{K^-^ - K'^^^) + . . . , (24) 

Rssa^ = + ■ ■ ■ ■ (25) 

Here again we have ignored higher order terms, as well as, in the second equation, a term which 
contributes at non-leading order (compared to the second term in the first equation) to flavor 
violation. Also we have defined the metric 

Note that the dependence of this is metric is the same as that of K^j^ to leading order. Keeping 
just the two leading order terms in the expansion in (r**)^^ we get using (I24p (123]) in f llip . 



~F''F'K,i(-K[ 
o 



bb\ "a 




Using the expressions for the F-terms we then get (ignoring the volume suppressed CC term) 



(^7p"^3/2^^^a^ + J ^K'^^ + ..., (26) 




Alternatively we can write the canonically normalized mass matrix as 

9 . / m3/2 \\s , 2 P 



8 



where the (in general non-diagonal but 0(1)) matrix K"^ = K'^^K'^^. The first term is the universal 
(in flavor) contribution to the soft mass (calculated in |8|) while the second term is a flavor violating 
term. Thus FCNC constraints require the suppression of the coefficient of this matrix relative to 
the universal term. In the FCNC constraint ([8]), the coefficient of 6^ in fl28|) is to be identified as 
m^, and that of as Am^ . So we get 



(^'"')"' « /^(.n™3/.)^A? < 10-^. (29) 



m2 9 V r''' o/z, „ ^ 500GeV 

Since K'£ = 0(1) this gives the following lower bound for the volume, 

V ^ {t')'/' > 10'{r^m\nmy,\' (^^^ (^^^^^^ . (30) 

Even with 7713/2 ^ 10~^^ and m ~ 5TeV, the above gives a lower bound of the order of 10^^. This 
does not give a viable phenomenology however, since with such a large volume the upper bound 
on the gravitino mass ([7]) implies that 

ms/2 < 10-20 Mp, 



which is certainly inconsistent with having soft masses at the TeV scale. Note that even if we 
had used for the cutoff M in ([2]) the string scale instead of the KK scale, we would have had 
1^3/2 ^ lO^^^Afp which would have given soft mass scale rriQ -C SOGeV which is far too low. 

The situation is very different in when if we assume that the MSSM matter fields arise from 
the D7 brane fluctuations C"'. In this case the matter metric is given by (p2|) . Now the curvature 
in the matter-dilaton directions is proportional to the metric /^j . Also now there is no no-scale 
type cancellation between the leading term and the curvature contribution in the expression for 
the soft mass. So we get a universal soft mass 

= K2 + ^-^K (31) 

The LVS minimum of course has = 0. However in order to get a Minkowski vacuum we may 
need to turn on non-zero value for this F term (as well as F^). But clearly since the LVS minimum 
has a negative CC Olm'^^^/^l 1^ l'^3/2|) one needs this contribution to the potential to be around 
the same value. Recently an explicit construction of this was given in [l3| by adding a dilaton 
dependent non-perturbative contribution to the superpotential. In any case the point is that the 
second term in paranthesis in (13T!) is suppressed by (at least) a factor of the volume V compared 
to the first term. i.e. 

1 

Thus what we have in this case is an mSUGRA type scenario. Note now that there is no restriction 
on how small the volume could be provided that it is large enough for the large volume expansion 
to make sense - presumably we would need to take V > 10^. It is also instructive to look at the 
size of the gaugino masses in this case. The leading (classical) contribution to the gauge coupling 



K)a' = "^1/2(1 +0(-))e 
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function is / = T"^ i.e. it is essentially given by the holomorphic Kaehler modulus corresponding 
to the size of the 4-cycle wrapped by the D7 brane. The gaugino mass is then given by 

M, = ^^F^dJ, = -f ^^3/2. (32) 

In the last equality we've used fi ~ T'^ and taken the F-term value from f|T8|) . 

This scenario thus appears to give a viable phenomenology. Unfortunately as with any mSUGRA 
model when one imposes the cosmological bound on the gravitino mass (i.e. 777,3/2 > lOTeV) one 
gets soft masses of the same order - far too high to be observed at the LHC This is probably true 
even for the gaugino masses since from (132 p we see that (since the largest value of a is 27r and 
I^Ti ~ 1/25 close to the GUT scale) they are at the TeV scale or more. In fact if we also try to 
satisfy the cosmological modulus constraint, since nimod ~ even for a low value V ~ 10^ 

we need the gravitino to be at the 100Te\^ scale and then gauginos will be at the IQTeV scale. 



3.1.2 Matter on D3 brane at a sigularity 



This case was discussed in [12[ and we will not repeat the details here. It suffices to point out that 
the difference in this case is that the standard model cycle is on a D3 brane at a singularity (or a 
D7 brane wrapping a collapsed cycle). Correspondingly the matter metric turns out to be 

= ^y^i^K^ - (33) 

Here again there is a large and a small cycle (with u'^jU^, being the associated harmonic (1,1) 
forms), but the standard model is not located on the latter. Note that the u's are evaluated at 
the location of the SM D3 brane but they are of course independent of the moduli. In this case 

the universal contribution to the mass matrix is = ^'C inm'^/^ v ^^'-^ flavor violating piece is 
Am^^ = ■my2j\/'^K'£ ) leading to a potentially disastrous situation since now we have 



m 



m2 - ~ bOOGeV ^^^^ 

However as argued in jlij, the harmonic form associated with small 4-cycle coming from blowing 
up a singularity as in our case, is expected to fall off as at a distance R from the location of 
the original singularity. Thus locating the standard model D3 brane at the maximum possible 
distance R ~ V^^^ gives ~ resulting in the lower bound 

V > 10^2 (35) 

Again there is no viable (classical) phenomenology since the upper bound on the gravitino mass 
now gives 

m3/2 < lO^i^Mp, 
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leading to sub-eV scale soft masses! As in the previous case, the purely classical soft mass phe- 
nomenology is not viable. 

However this case is rescued by Weyl anomaly effects as discussed in detail in These gener- 



ate (using the formula for gaugino masses given in |20l l2l| ) gaugino masses of order ((7^/167r^)m3/2 
where g is the relevant gauge coupling. Soft masses are then generated from RG running, These 
are also of the same magnitude . This mechanism and the resulting phenomenology has been 
discussed in detail in [l3|, where it has been called inoAMSB. In this case the value of the diagonal 
soft mass that goes into the FCNC constraint ([H]) is 

m ~ -^^^■i/'i ~ 10 "^3/2 (36) 

rather than the volume suppressed mass m ~ /2 / ^JV In 7713/2 that went into (IMl) . Now the 
constraint on the volume is V > 10^ giving the rather mild bound on the gravitino mass, 

m3/2 < lO^^Mp. 

As mentioned before this scenario gives an extremely simple and viable phenomenology. 
3.1.3 Non-perturbative terms in the superpotential and FCNC 

Here we will consider the effect of possible flavor violating non-perturbative terms in the super- 
potential on LVS phenomenology. It has been claimed in j22| that such terms can induce serious 
FCNC effects into LVS construction^ . In particular these authors argue that there is a conflict 
between getting A terms that satisfy FCNC constraints, and terms which are at the electroweak 
breaking scale. This argument is based on postulating the existence of a non-perturbatively gen- 
erated operator in the superpotential. However as we shall see, this is naturally suppressed in the 



11| and |12| and summarized in sub-sub-section (I3.1.2p . 
22| depends on adding the following non-perturbative terms to the MSSM 



scenario discussed in 
The argument of 
superpotential, 

.qp)e-^^'- (37) 



WmSSM -> WmSSM + ^0(1 + f^HuHd + Xra/sHrQo 

r=u,d 



Here Q, q are the quark doublet and singlet superfields. Obviously this is a possibility on general 
grounds, since the non-renormalization theorem of supersymmetry applies only perturbatively. It 
is also clear that such terms will not be seen in any perturbative string theory (CFT) calculation 
such as that of j23|, any more than the term W^p ~ Aqc"''^'' which is required to stabilize the 
Kaehler moduli. In general these are features which can only be seen after compactification to 
four dimensions, from non-perturbative gauge theory physics. 

Let us first review the argument of |22| . Using the expression for the Bfi term from (2^ (see 
also jl^l), the leading volume dependence of K, and the matter metric from and (l33l) . we get 
(in canonical normalization) 

SB^i = ^rd.fi = -Aofi^F'e-'^-' ^ ^oA^. (38) 



^We should mention in passing that the discussion of FCNC effects in sequestered LVS models was first done in 
[l^ . which pre-dates by around one year! 
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Here in the last step we've used ffTSl) and ffT6l) . Electro- weak symmetry breaking on the other hand 
requires Bfi ~ f ^ where v is the electro-weak scale. This then gives the result 

AoA^I < - 10--. (39) 
There is a similar contribution to the A-term 

6Arafi = F'diYra^ = - A^^/jaF'e""^' = -AoXrai^ml/^. (40) 
Then the bound on a certain FCNC and CP violating parameter 6 ~ {Arapv'^l/fnl^j^ < 10^^ gives 

"^3/2^'' _6 
AoXral3 2 ^ • 



In the above v^' are the up and down Higgs vacuum expectation values (with v = \/v^~+ 
Taking A^X = 0(1) and v ~ 10~^^ (in Planck units) we have 



^ < 10^°. (41) 

Clearly this constraint is easily satisfied by fl36l) and is therefore irrelevant for the inoAMSB scenario 
discussed in (l2|. It is only relevant if one ignores the Weyl anomaly and RG running generated 
soft mass, as was done in jjjJl, in which case m^^j^ ~ mg^g/V" giving 

V < 10^°/" (42) 

This constraint is of course inconsistent with (135|) . 

The authors of (22| also claimed that there is a confiict between (142|) and ( !39|) . Even though 
as we pointed out earlier the former constraint is irrelevant in inoAMSB, let us go back and take 
another look at the constraint coming from the demand that that the Bfi term is at the weak 
scale. ( I39l) leads to 

V>10^X/2(^A)'- (43) 

In the inoAMSB scenario, to get soft masses at the TeV scale the gravitino mass needs to be 
around lOOTeV, i.e. m3/2 ~ 10~^^. This is clearly incompatible with the above constraint (recall 
that 7723/2 ~ |I^|/V) if we assume that Aq/I is of order unity. 

However the assumption of Berg et al that fi = 0(1) is not valid in this context. If this 
assumption were true, there is a serious /i— term problem since (1371) gives 



~ Aofte ~ Aofimy2 (44) 

In a sequestered scenario the gravitino mass is of the order of lOOTe^, so if A is of order unity 
there would be a lOOTeV^ /i-term! However in the scenario discussed in (ll|[l2|, the effective fx 



term is actually zero in the absence of an uplift term which would be needed to eventually get the 
CC at the right value. In fact as shown in |24| . when the standard model is on a D3 brane, the fi 
term is proportional to imaginary anti-self dual (lASD) fluxes, i.e. fluxes which break SUSY in the 
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dilaton and/or the complex structure moduli direction^. But these are zero at the LVS minimum. 
Thus at this minimum the //-term is zero and the effective superpotential has a discrete symmetry 
(for instance $ — > ea;p(27ri/3)$ for each standard model superfield), which forbids the generation 
of a /i-term. Note that this argument has nothing to do with the non-renormalization theorem for 
W which of course is valid only perturbatively. 

The /i term in this LVS scenario is only generated by the uplift. If the uplift comes from say 
turning on , i.e. F-terms for the complex structure moduli fields, then any term which breaks 
the symmetry (such as the fi term) will need to be proportional to by the standard t'Hooft 
naturalness argument. In any case whatever the mechanism of uplift is, its scale determines the 
symmetry breaking which leads to the fi as well as the fi term. Thus we expect the coefficient jl 
in (l37j) to be highly suppressed. Rather than being of order unity it should at most be of order 
y/Vo ~ l/V'^/^. Hence the constraint is irrelevant. 

3.2 Cosmological constraints 

There are two cosmological constraints that any theory of SUSY breaking has to satisfy. 

• Big Bang Nucleosynthesis (BBN) 

• Dark matter 

In theories where the gravitino is not the lightest superpartner (LSP), the decay of the gravitino 
should not affect BBN. This implies that > lOTeV. Since in mSUGRA the soft mass 

msoft ~ ^3/2, this scenario has a cosmological gravitino problem if we want TeV scale soft masses. 
The alternative is to actually take m3/2 ^ lOTeV, which we may do if we are willing to tolerate a 
little hierarchy fine-tuning problem at the level of 1 part in 10^! Actually if we also try to satisfy 
the constraint coming from the cosmological modulus problem we need to raise the gravitino even 
higher thus worsening the little hierarchy problem. As we discussed above this appears to be the 
scenario that survives from the case of the MSSM being on D7 branes wrapping a four cycle. 

In the sequestered case the cosmological gravitino problem is solved since 7713/2 ^ lOTeV. 
However there is still a potential light modulus problem. The mass of the lightest modulus (see 
previous paragraph) is only a factor y/Inm^ above the classical soft mass, and is actually of the 
same order as the quantum anomaly and RG generated soft mass when V ~ 10^ - the minimum 



value consistent with suppressing FCNC p^. So it is hard to get this above lOTeV without 
generating multi-TeV scale soft masses and worsening the little hierarchy problem. For instance 
with 7713/2 ~ 500TeV, the inoAMSB scenario gives soft masses of around 5 — 7TeV and results in 
a little hierarchy fine-tuning of 4 parts in 10^ but still only yields a light modulus mass of around 
5TeV. As a curiosity we mention the fact that the Higgs mass in this case is (for tanP = 40) 



12AGeV - the mass at which a possible sighting of the Higgs has been announced! 

The other cosmological issue is the generation of dark matter. inoAMSB (in common with other 
sequestered if somewhat ad hoc scenarios which collectively go under the name of AMSB), cannot 
generate enough dark matter in the standard cosmological scenario. The reason is the near degener- 
acy of the lightest chargino (Wino) and the LSP. However in the 7723/2 > 500TeV case, the standard 



^For D3 branes the effective fi term is given as /i = — ^ F^djjH and so vanishes if = which is the case at 
the LVS minimum. 
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cosmological scenario can produce sufficient dark matter jl4| . since the chargino/neutralino masses 
are split by several GeV. 

4 Conclusions 

We have reviewed the different possibilities for obtaining TeV scale soft SUSY breaking physics from 
type IIB string theory in the Large Volume Scenario. We argued that given their dependence on 
pushing field theoretic arguments beyond the string scale, models based on moduli mixing are not 
well motivated. LVS scenarios which lead to TeV strings also rely on non-standard constructions 
which seem to be rather contrived. This leaves two versions of LVS - one of which was essentially 
discussed several years ago jsl, and has been recently resurrected [lo|. We argued that this is not a 
viable option because of FCNC issues if the MSSM is comes from Wilson line moduli C". On the 
other hand if it comes from world volume fluctuations we've argued that we have a mSUGRA 
like situation. Cosmological constraints then seem to disfavor this solution. 

The other version based on (ill . 12 leads to soft parameters which are suppressed compared 



to the gravitino mass and, with the former at the TeV scale, leads to a gravitino which is at the 
100Te\^ scale, thus avoiding the cosmological gravitino problem. It should be emphasized that 



unless one uses the correct formula (i.e. the one given by Kaplunovsky and Louis |2d . |21| ) for the 
Weyl anomaly contribution to the gaugino mass, there is no viable LVS phenomenology even in 
this case. 

However this inoAMSB scenario jl3|, with a lOOTeV gravitino, still has a cosmological problem 
- at least in standard cosmology. The lightest modulus (in effect the scalar partner of the Goldstino) 
has a mass which is far too small. To get a heavy (> O{10)TeV) modulus we need a much higher 
gravitino mass, but this of course worsens the little hierarchy problem. On the other hand if 
the indications that the Higgs mass is around 125GeV are confirmed, then assuming that the 
theory on the D3 branes is just the MSSM and not one of its extensions, we are forced to have a 
0(500 - lO^TeV) gravitino! 

There is tension in this framework between getting TeV scale soft masses on the one hand, and 
getting heavy moduli to satisfy cosmological constraints and heavier Higgs masses (> 120GeV) on 
the other. If we satisfy the latter then we inevitably worsen the little hierarchy problem. Indeed 
if the present hint about the mass of the Higgs is confirmed, this class of models predicts that the 
LHC would not be able to see any sign of supersymmetry, except perhaps for the lightest (Zino - 
like) neutralino fl3 |. 
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